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(54) Glass-filled dear plastic for fabrication of optical lenses by Injection molding 



(57) A method for making a composite plastic/glass 
optical element which is resistant to change resulting 
from variations in temperature and humidity. The 
method is practiced by selecting an optical plastic and 
an optical glass which have substantially the same 
refractive index as well as the same absorption and dis- 
persion characteristics. Once selected, the two materi- 
als are mixed such as, for example, dry mixing glass 
pellets with plastic pellets. The mix is then heated to the 
melting point of the optical plastic. However, the glass 
pellets do not deform at this relatively low temperature. 
With the melted plastic wetting of the smooth glass sur- 
faces of the glass pellets, the mixture is used in a typical 
injection molding operation to mold glass-filled clear 
plastic optical elements. The index of refraction of the 
glass and plastic and/or the dispersion and absorption 
characteristics of the glass and plastic may be intention- 
ally slightly mismatched depending on the ultimate pur- 
pose of the optical element to be formed therewith. . 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention is generally directed to 5 
optical elements made from injection molding clear 
plastic and, more particularly, to glass filled plastic opti- 
cal elements produced by injection molding. 

BACKGROUND OF THE INVENTION 10 

[0002] Optical elements produced from dear plastic 
such as PMMA, polystyrene and polycarbonate have 
been typically produced by injection molding. These 
plastic optical elements have always suffered in com- is 
parison to glass optics because of their susceptibility to 
change due to temperature and humidity variations. As 
a result glass is the preferred medium for use in pro- 
ducing optical elements which are to be used in hostile 
environments. However, glass is more expensive in both 20 
material costs and fabrication requirements even when 
the glass optical elements are produced by compres- 
sion molding as opposed to grinding and polishing. 
[0003] Providing plastics, particularly thermoplastics, 
with fiber reinforcement is well known in the art of pro- 25 
ducing composite materials from which structural ele- 
ments are made. These composite materials are 
typically opaque. One example of such a composite 
material process for producing that material is taught in 
U.S. Patent 5,595,696 to Schlarb et al. Schlarb et al 30 
teaches the production of f ber-reinforced pellets, in par- 
ticular, reinforced with chopped glass fibers, by incorpo- 
rating fibers into the thermoplastic melt for extrusion. 
[0004] U.S. Patent 4,388,422 to Gerteisen et al 
teaches a composite plastic material having improved 35 
shielding against electromagnetic interference. The 
material is produced by injection molding a reinforced 
thermoplastic resin composition by incorporating into 
the thermoplastic resin matrix metallized glass fibers 
and carbon fibers. 40 
[0005] U. S. Patent 4,323.623 to Ahrens et al teaches 
the fabrication of a strong composite plastic structure. 
This structure comprises a composite plastic or core 
sandwich structure where the core material is a thermo- 
setting resin matrix such as an epoxy resin containing 45 
glass microbailoons and adjacent outer layers of fibrous 
material impregnated with a thermosetting resin matrix, 
preferably an epoxy resin. 

[0006] U.S. Patent 4,022,855 to Hamblen teaches a 
method for making a plastic optical element having a so 
gradient index of refraction. The method involves the 
combination of two copolymerizable monomer composi- 
tions having different indices of refraction. 
[0007] Nothing in the prior art teaches the production 
of an optical material from a composite of glass and 55 
plastic. Further, the prior art fails to suggest the injection 
molding of composite glass/plastic material to produce 
optical elements as economically as injection molding 



plastic optics while overcoming the problems associ- 
ated with plastic optics as mentioned above. 

SUMMARY OF THE INVENTION 

[0008] It is, therefore, an object of the present inven- 
tion to provide a composite glass-filled dear plastic 
material suitable for injection molding optical elements. 
[0009] ft is a further object of the present invention to 
provide a method for injection molding glass-filled clear 
plastic optics. 

[001 0] Yet another object of the present invention is to 
provide a method for stabilizing plastic optical elements 
from change due to temperature and humidity varia- 
tions. 

[001 1] Briefly stated, these and numerous other fea- 
tures, objects and advantages of the present invention 
will become readily apparent upon a reading of the 
detailed description, claims and drawings set forth 
herein. These features, objects and advantages are 
accomplished by selecting an optical plastic and an 
optical glass which have substantially the same refrac- 
tive index as well as the same absorption and disper- 
sion characteristics. Once selected, the two materials 
are mixed such as, for example, dry mixing glass pellets 
with plastic pellets. The mix is then heated to the melt- 
ing point of the optical plastic. However, the glass pel- 
lets do not deform at this relatively low temperature. 
With the melted plastic wetting of the smooth glass sur- 
faces of the glass pellets, the mixture is used in a typical 
injection molding operation to mold glass-filled clear 
plastic optical elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Figure 1 schematically depicts the steps of the 
method of the present invention for producing a 
glass-filled clear plastic an injection -molding optical 
lenses therewith. 

Figure 2A is a graph showing the relationship of 
ionic radius to the molecular refraction and molecu- 
lar volume of various elements. 
Figure 2B is a graph showing the relationship of 
ionic radius to the molecular refraction and molecu- 
lar volume of the elements of Group Ilia of the Peri- 
odic Table. 

Figure 2C is a graph showing the relationship of 
ionic radius to the molecular refraction and molecu- 
lar volume of the elements of Group IVa of the Peri- 
odic Table. 

Figure 2D is a graph showing the relationship of 
ionic radius to the molecular refraction and molecu- 
lar volume of the elements of Group Va of the Peri- 
odic Table. 

Figure 2E is a graph showing the relationship of 
ionic radius to the molecular refraction and molecu- 
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lar volume of the elements of Group Via of the Peri- 
odic Table. 

Figure 3 is a graph plotting absorption and disper- 
sion versus wavelength in glass. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

[001 3] Looking at Figure 1 , there is shown schemati- 
cally the steps to be practiced in the method of the 
present invention for injection molding optical elements 10 
using a glass-filled dear plastic. Critical to the practice 
of the method of the present invention are the steps of 
selecting an optical glass as indicated by function box 
1 0 and selecting an optical plastic indicated by function 
box 12. The selections should be made such that the 75 
optical glass and optical plastic have substantially the 
same index of refraction and the same absorption and 
dispersion characteristics. Typically, the optical plastic 
will be selected first and an optical glass will then be 
selected which has an index of refraction which sub- 20 
stantialiy matches that of the optical plastic. It may be 
that there is no off the shelf optical glass available which 
has the desired index of refraction. However, the refrac- 
tive index and dispersion and absorption characteristics 
of glass are readily modifiable by those skilled in the art 25 
of making glass. These characteristics of the glass are 
modifiable by altering the composition of the glass. 
[0014] It is known that the index of refraction is given 
by the equation: 



n-1-f 



(D 



30 



increases. Therefore, with such high valence ion con- 
taining glasses the index of refraction is determined by 
the degree of packing of O 2 ' ions. In other words, the 
polarizing effect of the action governs the index of 
refraction in glasses containing low-valence ions, 
whereas the coordination number of the action deter- 
mines the index of refraction in glasses containing high- 
valence ions. 

[001 6] The index of refraction changes with the wave- 
length of light. This results in dispersion. The relation- 
ship between the index of refraction and the frequency 
of light is given, for example, by the Drude- Voigt disper- 
sion equation: 



n-1= 



f, 



-v 



(2) 



where N 1 is the number of oxygen ions per unit volume, 
e and m are the charge and mass of an electron, v oi is 
the characteristic frequency of absorption of the oxygen 
ion, f j is the oscillator strength, and v is the frequency of 
the light. As shown in Figure 3 (also taken from "Optical 
Glass by T Izumitani), there are ordinarily two or three 
ultraviolet absorptions and one infrared absorption. As 
stated by Izumitani, in the vicinity of wavelengths where 
an absorption occurs, the index of refraction increases 
abruptly as indicated by the above stated equation and 
then gradually decreases as the wavelength becomes 
longer. From Equation 2 above, the index of refraction 
n df mean dispersion n r n c , and Abbe number can be 
expressed as follows: 



where n is the index of refraction, V is the molec- 
ular volume number and R is called the molecular 
refraction. The variable R is a quantity that is peculiar to 
the substance involved and is independent of the tem- 
perature, pressure, or state of aggregation. The index of 
refraction increases with an increase in molecular 
refraction and with a decrease in molecular volume. The 
index of refraction may be increased by either increas- 
ing the polarizability of the O 2 ' ions, or by increasing the 
number of oxygen ions per unit volume. 
[001 5] Figures 2A-E (taken from "Optical Glass" by T. 
Izumitani) show the relationship of the ionic radius to the 
molecular refraction and molecular volume in various 
groups of the periodic table. As depicted in Figures 2A- 
E and as discussed in "Optical Glass", the molecular 
refraction and molecular volume both increase with an 
increase in ionic radius in the case of divalent and triva- 
lent ions. The index of refraction also increases. There- 
fore, with glasses containing low-valence ions, the index 
of refraction is determined by the polarizability of the 
oxygen ions. For glasses containing high-valence ions, 
that is ions, tetravalent, or higher ions, both the molecu- 
lar refraction and the molecular volume decrease with 
an increase in ionic radius and the index of refraction 



35 



40 



45 



50 



N,e* f 



Ar,e 



.f 



Abbe number * 



n r n *~(v 2 r v 2 c )(v 2 0 V d ) 



(3) 

(4) 
(5) 



55 [001 7] Again, as stated by Izumitani, both the index of 
refraction and the mean dispersion are functions of N 1 , 
f, and v 0 . However, the mean dispersion nf-n c has two 
terms involving the v 0 in the denominator and is more 
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strongly influenced by ultraviolet absorption wave- 
lengths. In other words, whereas the index of fraction is 
a function of degree of packing, oscillator strength, and 
absorption wavelength, dispersion may be thought of as 
being determined mainly by absorption wavelength. 
Furthermore, dispersion will be expected to increase as 
ultraviolet absorption occurs at longer wavelengths. 
Additionally, it is seen that as an approximation the 
Abbe number is a function of ultraviolet absorption 
wavelength alone, and the Abbe number increases with 
increasing v 0 . 

[0018] From the foregoing, it should be clear that once 
an optical plastic has been selected, the desired char- 
acteristics for an optical glass can be provided to one 
skilled in the art of making glass such as a large com- 
mercial supplier of glasses, and that person skilled in 
the art of making glasses can produce an optical glass 
with a composition which will yield the desired index of 
refraction, absorption and dispersion characteristics. 
[0019] The selected glass is preferably formed into 
beads as indicated by function box 14 and, most prefer- 
ably, microbeads which are substantially spherical and 
have a diameter not greater than one millimeter. The 
optical plastic is preferably formed into pellets as indi- 
cated by function box 16. The plastic pellets and glass 
microbeads are then mixed as indicated by function box 
18. Preferably, glass microbeads form in the range of 
from about 10% to about 50% by volume of the mixture. 
The mixture of glass microbeads and plastic pellets is 
then heated to a temperature sufficient to melt the plas- 
tic pellets (typically about 100°C) as indicated by func- 
tion box 20. This results in a slurry of glass microbeads 
in melted plastic. The slurry is then molded (as indi- 
cated by function box 22) to the desired shape of the 
optical element. Molding is preferably accomplished by 
injection molding in this manner as an all plastic optical 
element is injection molded. 

[0020] By way of example, it is noted that Schott SK- 
5 optical glass has almost exactly the same index of 
refraction as polystyrene optical plastic at the HeNe 
wavelength (6328A). An experiment was performed to 
embed small lumps of SK-5 glass into a melt of polysty- 
rene optical plastic. This was accomplished by dry mix- 
ing the glass pellets with the plastic pellets intended for 
plastic injection molding. The mix was placed in a glass 
pan and heated in a furnace to fuse the plastic at 
approximately i00°C. The glass, of course, does hot 
deform at this relatively low temperature. However, the 
plastic did wet the smooth glass surfaces and hid the 
glass interface to the plastic surrounding medium. 
Except for the difference is dispersion, the embedded 
glass was difficult to discern. Questions of stress and 
birefringence remained. However, it is believed that 
these can be greatly reduced by introducing the glass 
as microbeads. The test glass pellets of SK-5 glass 
were relatively large and in the shape of oblate sphe- 
roids of approximately 10 mm maximum diameter. It 
would be necessary to reduce this size to something 



less than a one millimeter diameter sphere to allow the 
mixture of glass microbeads and melted plastic to be 
injection molded as well as to reduce stress and birefrin- 
gence. The glass microbeads are preferably heat 

5 treated for surface preparation. The outgassing and 
water removal accomplished by heat treating will mini- 
mize aging effects. This could be accomplished in the 
fabrication of the glass-filled pellets which is not unlike 
the current manufacturing processes for glass-filled 

10 opaque plastic pellets. It would also be desirable to fur- 
ther improve the matching of the optical characteristics 
of the glass to the plastic (or the plastic to the glass) to 
improve the application of this technology to broadband 
applications. As stated above, this should be a relatively 

is simple matter for those skilled in the art of making glass. 
Optical elements produced by injection molding glass- 
filled clear plastic should provide substantial benefits 
over optical elements produced by injection molding 
1 00% clear plastic. That is, glass-filled clear plastic opti- 
ma cal elements should be stronger and less susceptible to 
temperature and humidity variations. 
[0021 ] It should also be appreciated that there may be 
occasion where it is desired to slightly mismatch the 
index of refraction and/or dispersion characteristics of 

25 the clear plastic resin and the glass microbeads. For 
example, rt may be desirable to produce an optical ele- 
ment which acts as a drffuser. This can be accom- 
plished by slightly mismatching the index of refraction 
and/or dispersion characteristics of the clear plastic 

so resin and the glass microbeads. A "slight" mismatch in 
the index of refraction would be a AN in the second dec- 
imal place. For example, indexes of refraction of 1.5712 
and 1 .5925 would be "slightly" mismatched. This mis- 
match can be tailored to produce a diffusing material 

35 with desired light scattering properties. Mismatching 
can also be used for defining blur filters for anti-aliasing 
applications. 

[0022] There are basically three ways to obtain a 
refractive index match and a dispersion match between 

40 the plastic mecf urn and the glass inclusions. The first 
way, as discussed above, is to develop a glass which 
has a refractive index and dispersion characteristic 
which matches those of an existing optical plastic mate- 
rial. The second way is to develop an optical plastic that 

45 has a refractive index and dispersion characteristic 
which matches that of an existing optical glass. The 
third way is to change the refractive index and the dis- 
persion characteristics of both an existing optical glass 
and an existing optical plastic to thereby achieve a 

so match therebetween. It is known from the prior art (Opti- 
cal Glass by T. Izumitani) what the requirements are for 
formulating glasses at different optical coordinates 
(refractive index and dispersion). This, of course, 
becomes a simpler matter if only a refractive index 

55 match is necessary for monochromatic applications. 
[0023] An alternative method for practicing the 
present invention would be to first select the optical 
glass. An optical plastic can then be selected which has 
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the desired refractive index, as well as the same 
absorption and dispersion characteristics. If an off-the- 
shelf optical plastic is not available which has a match- 
ing refractive index as well as the same absorption and 
dispersion characteristics, it would be possible for those 
skilled in the art of manufacturing optical plastics to 
reformulate the optical plastic to obtain the desired 
properties. Through the blending of the polymers used 
to create the optical plastic, some variation in the refrac- 
tive index and the absorption and dispersion character- 
istics can be achieved. However, it would appear that 
tailoring the glass is more feasible than tailoring the 
plastic to accomplish larger changes in the index of 
refraction. This is evidenced by the large number of opti- 
cal glasses that are commercially available as com- 
pared to the relatively few commercially available optical 
plastics. 

[0024] It should also be apparent that with the method 
of the present invention can be practiced where the for- 
mulations of both the optical glass and the optical plas- 
tic can be varied to achieve matching characteristics. In 
other words, an off-the-shelf optical glass can be 
selected having a first refractive index A and an off-the- 
shelf optical plastic can be selected having a second 
refractive index B. Rather than varying the formulation 
of the optical glass to achieve an optical glass having a 
refractive index B to match that of the optical plastic, 
and rather than varying the formulation of the optical 
plastic to achieve a new optical plastic having a refrac- 
tive index A to match that of the optical glass, both the 
formulations of the optical glass and the optical plastic 
can be varied to achieve matching refractive indexes 
which are not refractive index A or B. Preferably, gross 
variations would be made in the refractive index of the 
glass to approximate the index of the plastic. Then a 
minor variation of the refractive index of the plastic could 
be made to fine tune the match. 
[0025] Although in the preferred method for practicing 
the present invention as described herein, the glass 
microbeads and plastic are first mixed in solid form prior 
to melting the plastic, the method can also be practiced 
by melting the plastic and then adding the microbeads 
to the plastic melts to form the slurry. 
[0026] From the foregoing, it will be seen that this 
invention is one well adapted to attain all of the ends 
and objects hereinabove set forth together with other 
advantages which are apparent and which are inherent 
to the process. 

[0027] It will be understood that certain features and 
subcombinations are of utility and may be employed 
with reference to other features and subcombinations. 
This is contemplated by and is within the scope of the 
claims. 

[0028] As many possible embodiments may be made 
of the invention without departing from the scope 
thereof, it is to be understood that all matter herein set 
forth and shown in the accompanying drawings is to be 
interpreted as illustrative and not in a limiting sense. 



Claims 

1 . A method for making an optical element comprising 
the steps of: 

5 

(a) selecting an optical plastic having a known 
index of refraction; 

(b) selecting an optical glass having an index of 
refraction which is substantially equal to the 

10 index of refraction of the optical plastic; 

(c) mixing the selected optical glass and the 
selected optical plastic together to form a mix- 
ture; 

(d) heating the mixture to melt the optical plas- 
is tic to form a slurry; and 

(e) molding the slurry to form an optical ele- 
ment. 

2. A method as recited in claim 1 further comprising 
20 the step of: 

forming the selected optical glass into 
microbeads prior to said mixing step. 



the optical glass selected also has dispersion 
and absorption characteristics which substan- 
tially match the dispersion and absorption 
30 characteristics of the selected optical plastic. 

4. A method as recited in claim 1 wherein: 

said molding step is performed by injection 
35 molding. 

5. A method for making an optical element comprising 
the steps of: 

40 (a) selecting an optical plastic having a known 

index of refraction; 

(b) selecting an optical glass having a known 
index of refraction; 

(c) mixing the selected optical glass and the 
45 selected optical plastic together to form a mix- 
ture; 

(d) heating the mixture to melt the optical plas- 
tic to form a slurry; and 

(e) molding the slurry to form an optical ele- 
so ment. 

6. A method as recited in claim 5 wherein: 

the index of refraction of the optical plastic sub- 
55 stantially matches the index of refraction of the 

optical glass. 

7. A method as recited in claim 5 wherein: 



25 3. A method as recited in claim 1 wherein: 



45 
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the index of refraction of the optical plastic 
slightly mismatches the index of refraction of 
the optical glass. 

8. A molded optical element comprising: s 

(a) an integrally formed optical plastic mass 
having a known index of refraction; 

(b) a plurality of optical glass components 
embedded in said integrally formed optical w 
plastic mass, said plurality of optical glass com- 
ponents having a known index of refraction. 

9. A moided optical element as recited in claim 8 
wherein: 15 

said known index of refraction of said integrally 
formed optical plastic mass is substantially 
equal to said known index of refraction of said 
plurality of optical glass components. 20 

10. A molded optical element as recited in claim 8 
wherein: 

said known index of refraction of said integrally 25 
formed optical plastic mass is slightly mis- 
matched to said known index of refraction of 
said plurality of optical glass components. 

30 
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